The fluorescence detection systems currently in use for the measurement of EXAFS at the Daresbury Synchrotron Radiation Source are described.
Introduction:
The time needed to obtain a n EXAFS spectrum is governed by the requirement for the 'signal-to-noise' ratio to be better than some minimum over a given energy range above the absorption edge. The net effect may be to decrease the signal-to-noise ratio. This can be prevented in a multi-element detection system by using the fluorescence fraction to weight the counts from the different elements before summation.
The method used to reduce the proportion of background in the data is dependant on the energy resolution of the detector.
Whichever method is used to discriminate against scatter will also discriminate against the K R fluorescence of the sample (which contributes-20% of fluorescence counts).
The resolution required to resolve the KKfluorescence from the elastic scatter (at half maximum) is 11% at the Cu Kedge, and 13% at the Mo K-edge.
Better resolutions of about 8% and 6% at the respective edges are required to discriminate against inelastic scatter.
If the energy resolution of the detector does not meet these requirements, filters can be used to preferentially absorb the scatter! For studies at the K-edge of a 3d metal of atomic number 2, a (2-1) metal foil is used as the filter; a (2-2) foil is used for 4d metals.
The improvement obtained with a filter is limited by the fluorescence of the filter itself.
The amount of filter fluorescence reaching the detector can be reduced by a collimator assembly placed between the foil and the detector. Detection svstems at the SRS:
Concen
Each of the three fluorescence detection systems currently in use at the SRS consists of four or five NaI(T1) scintillation detectors positioned around the sample at a distance of 8 cm. Each detector covers a solid angle of about 4% of 4iT (see figure 1 ) . The detection system is described in more detail elsewhere? The outputs from the detectors are combined and input to a fast multi-channel analyser (MCA). The energy resolution of the detectors is used to discriminate against the scatter of harmonics and in many cases it can also be used to discriminate against background fluorescence. Metal filters are used to reduce the scatter. A collimator assembly is being constructed which is designed to absorb 90% of filter fluorescence with a loss of only about 15% of sample fluorescence.
The count rate of the present detection system must be limited to avoid pile-up in the readout electronics. Pile-up reaches the 10% level at a total incident count rate of 4.5x10~s~'.
The count rates observed at the SRS vary between different stations and depend on the nature of the sample and the X-ray energy. At the EXAFS station on the Wiggler beam line incident count rates of greater than lo6 s-' per detector would be encountered at the higher energies if the beam were not collimated to reduce intensity. With foils in place the maximum count rate incident upon any detector on this station would be about 5x10' s-' at full intensity.
A readout system providing a separate amplifier, discriminator and scaler for each detector is currently being tested at the EXAFS station on the Wiggler line. With this readout system the count rate will be limited only by the dead time of the detectors which lcads to a 10% loss of detection efficiency at an incident count rate of 4.4~10' s-' per detector.
In addition, with this system it is possible to weight the contributions from the different detectors before summing the counts.
In the near future this readout system will be commissioned for routine use on the Wiggler line station and on the high brightness EXAFS station where focussing monochromators have been installed.
The approximate relative times required to collect data with the same signal-to-noise ratio from a lOmM, 5mM and 1mM sample using the existing detection systems are given as case (a) in table 1. The improvement expected when the counts from the different detectors are weighted (case (b)) and when in addition the collimator assemblies are installed (case (c)) are also given.
Other detection systems:
A detection system capable of resolving the sample fluorescence from scatter would give a significant reduction in the data collection time, particularly for very dilute samples, as shown in the last column of table 1.
These results are based on the assumptions that the solid angle coverage and beam intensity are the same in each case.
The number of detectors and readout channels required will depend on the dead time of the detectors and the pulse length of the signals produced.
The energy resolutions of several different detectors are listed in table 2. The count r-ate limits resulting both from detector dead time (or space charge effects in the case of the wire chambers) and from pile-up in the readout electronics are also given.
Only solid state detectors are capable of fully resolving fluorescence from scatter.
However a large number of these detectors would be required in order to obtain the desired count rate capability? With such an array the dead area between detectors would account for a significant fraction of solid angle. This is also a problem with NaI(T1) scintillators. The'necessity of cooling solid state detectors to liquid Nitrogen temperatures would make a detection system covering a large solid angle extremely bulky and expensive. Room temperate solid state detectors may provide a solution In the future:
Although the Multi-Wire Proportional Chamber (MWPC) is not able to resolve fluorescence from scatter, it is capable of much higher count rates. Large area MWPCs can be constructed with the counts split amoung several readout channels. In this way count rate capabilities of 10' s-' per detector can be achieved?
Plastic scintillators are capable of count rates of lo7 s-' with a single readout channel. However they have extremely poor energy resolution.
It may be possible to at least partially resolve fluorescence from scatter using a wire chamber operated either as a gas scintillation proportional counter (GSPC)~ or a parallel plate proportional counter (PPPC~." The latter type of detector is also capable of higher count rates than the MIJPC. A MWPC for EXAFS:
To obtain good detection efficiency, a MWPC must have a large thickness of gas, or be operated at high pressure.
A prototype wire chamber has been constructed which has removable wire planes, the spacing of which can be altered. This detector can be operated either as a MWPC or a PPPC.
Preliminary results are presented for the operation of this detector as a MWPC with a total thickness of 96mm. The chamber was divided into a conversion region 88mm thick, and an amplification region 8 mm thick (see figure 2 ) .
The detector was filled with a mixture of 90% Xe and 10% CO, at atmospheric pressure.
The anode wire was held at a potential of 3.2 kV and a drift field of 100 ~cm-' was applied.
An energy resolution of 20% was measured for 7.5 keV photons absorbed in the amplification region.
The energy resolution was much poorer for photons absorbed in the conversion region. Better energy resolutions may be possible at higher drift fields.
Resolutions of 18% at 6 keV have been reported for photons absorbed in a conversion region 10 cm thick'
The energy resolution was degraded at count rates above about 10' s-' cm-, . When the incident radiation was localised in a region 0.8mm x 2mm, the output count rate reached a plateau at about 2x10~s-'. However, such high local ~ntensities are not encountered in fluorescence EXAFS measurements.
Conclusion:
Only a detection system composed of solid state detectors would be capable of fully resolving fluorescence from scatter.
With such a detection system rhe time taken to collect data for a 1mM sample would be reduced by about a factor of 3 compared to the time required by a detection system with the same solid angle coverage but using foils and collimator slit assemblies to reduce the amount of scatter. However such a system would be bulky and expensive with a significant fraction of dead area. The energy resolution of NaI(T1) scintillators and MWPCs is sufficiently good to be used to discriminate against some of the sources of backkround.
Large area detectors capabli of count rates of 1 0 ' s-' per detector are possible with MWPCs and plastic scintillators.
The latter requires less readout channels, but has an extremely poor energy resolution.
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